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[57] ABSTRACT 

In a receiver of a transmbsion system for binary pulse 
signals whose DC level is disturbed during transmis- 
sion, an accurate correction of the disturbing DC com- 
ponents is obtained even for pulse signals deviating 
considerably from the nominal transmission speeds and 
peak values, by using a correction circuit having two 
parallel branches between input and output. The first 
branch includes a capacitor between input and output 
and the second branch include^, a peak detector and a 
comparator which co-operate for generating a binary 
decision signal which is applied to the output via a 
resistor. The AC components of the pulse signals are 
only passed through the first branch and the DC com- 
ponents inherent m the pulse^ signals are only passed 
through the second branch. 

7 Claims, 9 Drawhig Figures 




01/19/2004, EAST Version: 1.4.1 



U.S. Patent June 14, 1977 Sheet 1 of 4 



4,029,904 



CORRECTION CIRCUIT 




01/19/2004, EAST Version: 1.4.1 



U.S. Patent June 14. 1977 Sheet 2 of 4 4,029,904 




U.S. Patent June 14. 1977 Sheet 3 of 4 4,029,904 




01/19/2004, EAST version: 1.4.1 




01/19/2004, EAST version: 1.4.1 



4,029,904 

1 2 

Likewise as the correction circuits using clamping 
RECEIVER CIRCUIT FOR AUTOMATIC techniques the latter type of correction circuit is less 

CORRECTION OF DC LEVEL DISTURBANCES suitable for pulse signals having higher transmission 

speeds than the nominal transmission speed on which 
The invention relates to a receiver in a uansmission 5 the design of the receiver input filters is based, and for 
system for binary pulse signals, comprising an input prcdbtorted pulse signals in which the duration of the 
circuit having a low output impedance from which the mark elements is not equal to that of the space de- 
base band binary pulse signals are derived, a circuit ments. because both types of correction circuits intro- 
connected to the input circuit for automatic correction duce in these cases a considerable extra distortion in 
of disturbances in the DC level of the binary pulse 10 the regenerated pulse signals. 

signals caused during transmission, and a pulse regen- It is a object of the invention to provide a novel coh- 
erator having a high input impedance to which the ception of a correction circuit in a receiver of the kind 
correction circuit and a reference source are con- described in the preamble which correction circuit, 
nected for regenerating the binary pulse signal. Such even for pulse signals in which the deviations relative to 
receivers may be used in transmission systems in which 15 the nominal peak values and transmission speeds 
binary pulse signals such as data signals or telegraphy amounts to 50% and for pulse signals with predistpr- 
and telex signals are transmitted without using modula- tions up to 30% conects the disturbances in the DC 
tion, but are especially used in carrier telegraphy sys- level over a large disturbance range very accurately 
terns in which a number of telegraphy signals is trans- and introduces only a minimum extra distortion in the 
mitted by means of frequency shift keying in frequency 20 regenerated pulse signals, which correction circuit is 
division multiplex within the frequency band of a voice yet simple in structure and adjustnient and is addition- 
channel, ally, very suitable for integration in a semiconductor 

The disturbances in the DC level of the binary pulse body, 
signals at the receiver end of the transmission system The receiver according to the invention is character- 
may have causes. In addition to an erroneous adapta- 25 ized in that the correction circuit comprises two paral- 
tion of the receiver input circuit to the transmission lei branches whose inputs are connected to the receiver 
path and the influence of temperature, fluctuations and input circuit and whose outputs are, connected to the 
ageing phenomena in the receiver, the stability of the pulse regenerator, the first branch including a series 
central frequency in the transmitter and that of the capacitor and the second branch including a peak de- 
frequency discriminator in the receiver are important 30 tector for deriving a threshold signal from the peak 
in the said carrier telegraphy systems and particularly values of the binary pulse signals, and a comparator for 
the frequency off-set in the carrier systems between the generating a binary decision signal in response to both 
transmitter and the receiver exceeding the allowance the threshold signal and the binary pulse signals, said 
according to the CCITT recommandations for voice comparator being coupled through a resistor with the 
channels of ± 2 Hz. 35 output of the second branch, the time constant fonfied 

Several types of circuits are known for automatic by the resistor in the second branch and by the series 
correction of the DC level disturbances caused during capacitor in the first branch being much larger than the 
transmission. Many of these known correction circuits duration of an element in the binary pulse signals, 
use a clamping technique in which threshold values are The invention and its advantages will now be de- 
derived from the instantaneous positive and negative 40 scribed in greater detail with reference to the Figures, 
peak values, which threshold values have a predeter- FIG. 1 shows a receiver according to the invention; 
mined distance from these peak values and in which the FIGS. 2, 3 and 4 show a number of time diagrams to 
pulse signals are clamped on these threshold values. explain the operation of the correction circuit used in 
One requirement for their satisfactory operation is that the receiver according to FIG. 1 ; 
the transmitted pulse signals always reach in the nomi- 45 FIGS. 5 and 6 show modifications of the correction 
nal peak values. Since the instantaneous peak values circuit used in FIG. 1; 

are, however, dependent on the succession of mark and FIG. 7 shows a number of time diagrams to explain 
space elements in the pulse signals and on the transmis- the operation of the correction circuit according to 
sion speed of the pulse signals, both as a result of the FIG. 6; 

dynamic behaviour of the filters in the receiver input 50 FIG. 8 shows a modification of the correction circuit 
receiver, and since these instantaneous peak values are according to FIG. 6; 

additionally influenced by noise and signals in adjacent FIG. 9 shows a number of time diagrams to explain 
frequency bands, deviations relative to the nominal the operation of the correction circuit of FIG. 8. 
peak values and the threshold values derived therefrom The receiver in FIG. 1 is arranged as a channel re- 
occur in practice, which deviations result in jitter of the 55 ceiyer in a carrier telegraphy system in which telegra- 
transitions in the regenerated pulse signals about the phy signals are transmitted at a transmission speed of, 
desired instants. for example. 50 Baud by means of frequency shift key- 

Other known correction circuits use a . series capaci- ing. A bandwidth of 120 Hz is available per channel 
tor for blocking the direct voltage. Here, too, a require- and the frequency shift between mark and space fre- 
ment for the satisfactory operation is that the transmit- 60 quency is 2 X 30 Hz. 

ted pulse signals always reach their nominal peak val- The signals derived from the transmission path and 
ues. In addition special measures necessary in this case varying in frequency in accordarice with the elements 
for maintaining the correct DC level after the series of the telegraphy signal occur at input 1 of the receiver 
capacitor after a large number of successive elements in FIG. 1. These signals are applied in an input circuit 
of the same value in the pulse signals and after interrup- 65 2 through a channel filter 3 having a bandwidth of 1 20 
tions in the transmission path so that both the structure Hz and a limiting amplifier 4 to a frequency discrimina- 
and the adjustment of this type of correction circuit is tor 5 which supplies cither a positive or a negative 
complicated. direct voltage dependent on whether the mark or the 
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space frequency is received. An operational amplifier 6 mediately after the commencement of a transition both 
whose output is coupled through resistors 7, 8 with its diodes 21, 11 do not conduct and the discharge 
inverting input is connected to the frequency discrimi- through resistor 25 has a large time constant, the 
nator 5 so that the input circuit 2 has a low output threshold signal stored in capacitor 24 remains con- 
impedance and in practice operates as a voltage source 5 stant. At the instant when the difference between teleg- 
from which the telegraphy signal in the base band is raphy signal and threshold signal changes its sign, a 
derived transition occurs in the binary decision signal of com- 
This telegraphy signal is applied through a circuit 9 parator 19. Subsequently the threshold signal also re- 
for automatic correction of DC level disturbances mains constant until tiie difference between telegraphy 
caused during transmission to a pulse regenerator 10 10 and threshold signal again reaches a value which is 
having a high input impedance. This pulse regenerator equal to the knee voltage of the diodes 21, 22, At that 

10 is preferably constituted by an operational amplifier instant one of tiie diodes 21, 22 starts to conduct so 

1 1 having a non-inverting input for the telegraphy sig- that capacitor 24 can discharge tiirough the conducting 
nal to be regenerated and an inverting input for a refer- diode until the telegraphy signal reaches its new peak 
ence signal which is derived from a reference source 12 15 value at the end of the transition and simultaneously 
by means of an adjustable voltage divider 13. The re- the threshold signal reaches its associated value. As a 
generated telegraphy signal is passed on for furtiier result of Uie very low resistance of the conductmg 
processing to a user 14, diode Uie time constant of tiie discharge of capacitor 

To obtain a very accurate correction of the distur- 24 through tiiis diode is very small and tiie threshold 
bances in the DC level of tiie telegraphy signal tiie 20 signal can indeed adjust quickly at tiie correct new 
correction circuit 9 in tiie receiver according to tiie value after determination of Uie transition m compara- 
invention comprises two parallel branches 15, 16 tor 19. 

whose inputs are connected to tiie receiver input cir- The above is UlusUated in tiie time diagrams of FIG. 
cuit 12 and whose outputs are connected to tiie pulse 2 in which tiie telegraphy signal at tiie output of ampli- 
regenerator 10. The fu-st branch 15 includes a series 23 fier 23 is represented by curve a. The tiireshold signal 
capacitor 17 and tiie second branch 16 includes a peak derived by means of peak detector 18 from curve a is 
detector 18 for deriving a tiireshold signal from tiie represented in HG. 2 by curve being tiie constant 
peak values of tiie telegraphy signal and a comparator signal value equal to tiie knee voltage of diodes 21, 22. 
19 for generating a binary decision signals in response Furthermore the decision signal generated by compara- 
to botti tiie tiireshold signal and tiie telegraphy signal, 30 tor 19 is represented by curve c in FIG. 2 in which tiie 
said comparator 19 being coupled tiirough a resistor 20 transitions occur at tiie instants when curve a intersects 
witii tiie output of tiie second branch 16. The time curbc b. These instants are not influenced by distur- 
constant formed by resistor 20 in branch 16 and by bances in tiie DC level of tiie telegraphy signal. These 
series capacitor 17 in branch 15 is much larger tiian the disturbances becomes manifest in a shift of tiie zero 
duration of an element in tiie telegraphy signal. 35 line of curve a. for example, to tiie position represented 

In tiie embodiment of FIG. 1 the tiireshold signal in in FIG. 2 by dashed line but due to such a shift tiie 
tiie second branch 16 is derived from tiie peak values of position of curve b does not change relative to curve a 
tiie telegraphy signal by subUacting from these peak and consequentiy no change occurs m tiie position of 
values a constant signal value; ftirtiiemiore tiie binary tiie points of intersection of curves a and b. These dis- 
decision signal is obtained by amplifying and limiting 40 turbances neitiier have any influence on the two levels 
tiie difference between tiiis tiireshold signal and tiie of curve c which are completely determined by corn- 
telegraphy signal, parator 19, The levels of the decision signal at tiie 

To tiiis end tiie peak detector 18 of FIG. 1 includes output of comparator 19 are adjusted at the nominal 
two diodes 21, 22 whose unequal electrodes are inter- peak values of the telegraphy signal at tiie output of 
connected: 6ne Junction is coupled with tiie input of 45 receiver input circuit 2. 

branch 16 tiirough a separation amplifier 23 and tiie The operation of tiie correction circuit 9 m ^e re- 
otiier junction is coupled witii a point of zero potential ceiver according to tiie invention will now be explained 
tiirough a capacitor 24. This capacitor 24 is shunted by witii reference to tiie time diagrams of FIG. 3. 
a resistor 25 having such a value tiiat the time constant A telegraphy signal having, for example, tiie shape 
of tiie discharge of capacitor 24 tiirough resistor 25 is 50 represented by curve a m FIG 3^ received at the 
much larger tiian the duration of an element in tiie output of receiver mput cacuit 2. This telegraphy sig- 
telegraphy signal. The knee voltage oftiie diodes 21, 22 nal may be considered as tiie composition of tiiree 
constitutes the constant signal value which is sub- types of components: . . . ^ 

tracted from tiie peak values of tiie telegraphy signal so I . AC components related to tiie transitions m the 
tiiat tiie threshold signal occurs across capacitor 24. 55 telegraphy signal, . ^ , • , 

the comparator 19 is constituted by an operational 2. DC components inherent in the telegraphy signal, 
amplifier having a non-inverting input for tiie telegra- 3. DC components resulting from disturbances in tiie 
phy signal at the output of amplifier 23 and an inverting DC level of tiie telegraphy signal during transnussion. 
input for tiie tiireshold signal at tiie junction of diodes In HG. 3, tiie disturbing DC components are repre- 
21 22 and capacitor 24. 60 sented by a shift 5 of tiie. ideal zero Une b of curve a 

As long as no transition occurs m the telegraphy relative to tiie real zero line; Furthermore it has been 
signal tiic tiireshold signal stored in capacitor 24 re- assumed tiiat in tiie absence of tiiese disturbmg DC 
mains constant. However, when a transition occurs in components the telegraphy signal always reaches its 
tiie telegraphy signal, this tiireshold signal must remain nominal peak values + Vp and - V^. in otiier words the 
constant for such a period tiiat comparator 19 can 65 peak values of curve a in nO. 3 arc located at a dis- 
determine tills transition and tiib tiireshold signal must tance Vp from tiie ideal zero Ime 6. . . „ 

subsequcntiy adjust quickly at tiie value associated with The two branches IS and 16 of correction circuit 9 
tiie new peak value of tiie telegraphy signal. Since im- block the disturbing DC components of telegraphy 
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signal a at the output of receiver input circuit 2. In fact, In this manner the disturbances in the DC level of the 
in the first branch 15 series capacitor 17 neither passes telegraphy signal, which disturbances may amount in 
the disturbing DC components nor the DC components practice to ± 1 5% of the nominal pealc-to-peak value of 
inherent in telegraphy signal a so that a signal of the the telegraphy signal, are always very accurately cor- 
shape represented by curve c in FIG. 3 occurs at the 5 rccted by the described correction circuit 9. Further- 
output of the first branch 15. Also in the second branch more the correct DC level at the output of this correc- 
16 the disturbing DC components of telegraphy signal tion circuit 9 is also maintained for an arbitrarily ling 
a are not passed because they have no influence at all static state of the telegraphy signal because the second 
on the level and the transition instants of the decision branch 16 ensures the galvanic continuity required for 
signal of comparator 19, as already explained hereinbe- 10 this purpose. By applying the telegraphy signal at the 
fore. Consequently a decision signal of the shape repre- output of correction circuit 9 to pulse regenerator 10, 
sented by curve d in FIG. 3 occurs at the output of whose reference signal is adjusted at the correct value 
comparator 19 in the second branch 16. Apart from a (in this case the value of zero), the telegraphy signal is 
constant time delay of the crossings in telegraphy signal regenerated very accurately. 

a through zero line b relative to the transitions in deci- 15 In the explanation hitherto given it has been assumed 
sion signal this decision signal d corresponds to the that in the absence of disturbing DC components the 
correctly regenerated telegraphy signal a. Unlike the telegraphy signal at. the output of the receiver input 
disturbing DC components, the DC components inher- circuit 2 always reaches itis nominal peak values. In 
ent in telegraphy signal a arc present in this decision practice, however, the instantaneous peak values of the 
signal d. 20 telegraphy signal often exhibit considerable deviations 

Resistor 20 in the second branch 16 and capacitor 17 from these nominal peak values, 
in the first branch 15 constitute a low-pass filter for the The realization of the filters in receiver input circuit 
decision signal d at the output of comparator 19 so that 2 (channel filter 3 and the post-detection filter of fre- 
the second branch 16 exclusively passes the DC com- quency discriminator 5 not further shown in FIG. 1) 
ponents inherent in telegraphy signal a and a signal of 25 play an important role in the occurrence of these devi- 
the shape represented by curve e in FIG. 3 occurs at the ating peak values. These filters must be designed in 
output of this second branch 16. This capacitor 17 and such a manner that on the one hand they irifluence the 
this resistor 20 also constitute a high-pass filter for the signals in the own channel as little as possible, but on 
telegraphy signal a at the output of receiver input cir- the other hand suppress the signals in adjacent chan- 
cuit 2 so that the first branch 15 exclusively passes the 30 nels as well as possible. In addition, in their design the 
AC components represented by curve e in FIG. 3. fact must be taken into account that it is required in 

The combination of the output signals c and e of the many applications that the receiver also operates prop- 
first branch IS and the second branch 16 results in a eriy if the telegraphy signals are transmitted at higher 
telegraphy signal of the shape represented by curve/ in speeds than the nominal transmission speed of the 
FIG. 3 at the output of correction circuit 9. The dis- 35 channel. The practical realization of the filters is always 
turbing DC components of telegraphy signal a are com- a compromise between these design requirements, 
pletely eliminated by correction circuit 9 and are thus A result of this compromise is that the instantaneous 
no longer present in telegraphy signal /, but on the peak values are not only influenced by noise and mono- 
other hand the AC components and the DC compo- chromatic disturbances in the own channel, but also by 
nents inherent in telegraphy signal a are present. In 40 signals in adjacent channels ("adjacent channel inter- 
addition their mutual ratio is correct because the levels ference"). Another result is that these peak values also 
of decision signal d are equal to the nominal peak val- depend on the succession of mark and space elements 
ues of telegraphy signal d and the low-pass filter for in the telegraphy signals ("intersymbol interference"); 
decision signal ^ is constituted by the same components these peak values are, for example, lower for alter- 
which also constitute the high-pass filter for telegraphy 45 nately occurring mark and space elements than for a 
signal a. Thus the time constants of the two filters are static state, A further result is that these peak values 
the same and are substantially equal to that of resistor are also dependent on the transmission speed of the 
20 with capacitor 17 because both input circuit 2 and telegraphy signal; for example,' for a telegraphy signal 
comparator 19 have a low output impedance and con- with alternately occurring mark and space elements 
sequently operate in practice as voltage sources, 50 transmitted at a speed which is 50% higher than the 
whereas both pulse regenerator 10 and separation am- nominal transmission speed (thus in FIG. 1 at a speed 
plifier 23 have a very high input impedance and thus do of 75 Baud instead of 50 Baud) the peak-to-peak value 
not substantially influence signals applied thereto. As decreases to approximately 50% of the nominal peak- 
already stated, the lime constant of resistor 20 with to-peak value. A similar influence is exerted by the 
capacitor 17 is much larger than the duration of an 55 transnussion of a prcdistorted telegraphy signal; for 
element in telegraphy signal a. The AC components example, for a telegraphy signal having a nominal 
present in decision signal t/ and related to the transi- transmission speed in which the duration of the isolated 
tions are thus completely suppressed while the said mark elements is twice as long as that of the isolated 
time delay of telegraphy signal a relative to decision space elements, the instantaneous peak value for an 
signal d, which delay is shorter than the duration of an 60 isolated space element likewise decreases to approxi- 
element in telegraphy signal a, does not have any ap- mately 50% of the nominal peak value, 
preciable influence on the output signal e of the second Since in the present correction circuit 9 the threshold 
branch 16. The shape of telegraphy signal / at the out- signal in the second branch 16 is derived from the peak 
put of correction circuit 9 therefore accurately corre- values of the telegraphy signal at the output of receiver 
spends to the shape of telegraphy signal a at the output 65 input circuit 2, the described deviations from the nomi- 
of receiver input circuit 2, the real zero line of telegra- nal peak values will have a disturbing influence on the 
phy signal / coinciding with the ideal zero line h of instants of the transitions in the decision signal gener- 
telegraphy signal a. . ated by comparator 19. This influence will be described 
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with reference to the diagrams in FIG. 4 in which it has / and / which are completely suppressed in the manner 

been assumed that there arc no disturbing DC compo- described hereinbefore by lowrpass filter 20, 17, The 

nents in the telegraphy signal. fluctuations caused by a higher transmission speed or a 

If a telegraphy signal of. for example, the shape rep- pre-distortio.n thus do not in practice penetrate as far as 

resented by curve a in FIG. 4 is transmitted at the nomi- 5 the output signal of correction circuit 9 so that also in 

nal transmission speed and if the telegraphy signal at these cases the present correction circuit 9 substan- 

the output of input circuit 2 always reaches its nominal tially does not introduce any extra distortion into the 

peak values, the latter telegraphy signal will have the output signals oif pulse regenerator 10. 

shape represented by curve b in FIG. 4 (compare curve Consequently, even the greatest deviations occurring 

a in FIG. 3) and the decision signal at the output of 10 in practice relative to the nominal peak values and 

comparator 19 will have the shape represented by transmission speeds and the greatest predistortion oc- 

curve c in FIG. 4 (compare curve d in FIG. 3), the curring in practice do not have any influence on the 

deviating peak values caused by noise and monochro- correct operation of the described circuit for automatic 

matic disturbances in the own channel, by adjacent correction of disturbances in the DC level of the teleg- 

channel interference and intersymbol interference 1 5 raphy signal, and even in the most unfavourable case 

have, however, the result that in practice a decision this correction, circuit will introduce no appreciable 

signal having the shape represented by curve d in FIG. extra distortion into the regenerated telegraphy signal. 

4 occurs at the output of comparator 19. In this deci- In addition all mentioned advantages are obtained by 

sion signal d not only arbitrary variations of the desired means of a correction circuit which is very simple in 

transition instants occur but also parasitic transitions in 20 structure and which obviates external adjustments, 

the vicinity of the desired transitions. This type of flue- Furthermore no special requirements need be imposed 

tuation, i.e. jitter of the desired transition instants, is on the tolerances of the different components so that 

absolutely inadmissible in the output signals of pulse the correction circuit can be fairly siinply realized as a 

regenerator 10. In the present correction circuit ? this monolithic or hybrid integrated circuit, 

jitter substantially has no influence on the output signal 25 FIG. 5 shows a modification of the correction circuit 

of the second branch 16 (compare curve e in FIG. 3). 9 of FIG. 1, corresponding elements in both Figures 

Decision signal d in FIG. 4 may be considered as the having the same reference numerals. The correction 

composition of decision signal c in FIG. 4 and disturb- circuit in FIG. 5 only differs from that in HG. 1 as 

ing AC components related to the transitions in this regards the realization of the second branch 16. In FIG. 

decision signal c. As already extensively described, the 30 5 the separation amplifier 23 also operates as a differ- 

AC components of decision signal c related to the tran- ence circuit having a noninverting input for the telegra- 

sitions are completely suppressed by the low-pass filter phy signal applied to the second branch 16 and an 

constituted by resistor 20 in the second branch 16 and inverting input to which the junction of diodes 21, 22 

capacitor 17 in the first branch 15 so that also the and capacitor 24 in peak detector 18 is connected 

disturbing AC components of decision signal d will be 35 through an amplifier 26 having a large amplification 

completely suppressed by this low-pass filter 20. 17. factor. Furthermore the inverting input of comparator 

The jitter in decision signal d caused by deviating peak 19 is connected to a point of zero potential, 

values thus does not in practice penetrate as fer as the As regards the operation of the second branch 16 of 

output signal of correction circuit 9 (compare curve/ the correction circuit there is no difference between 

in FIG. 3) and consequently this correction circuit ? 40 the embodiments of FIG. 1 and FIG. 5 provided that 

introduces substantially no extra distortion into the the amplification factor of amplifier 26 in FIG. 5 is 

output signals of pulse regenerator 10, even when the much larger than one. If, for example, a telegraphy 

peak values in the telegraphy signal of input circuit 2 signal of the shape represented by curve a in FIG. 2 

deviate from the nominal peak values. occurs at the non-inverting input of difference circuit 

The above-mentioned considerations also apply to 45 23, the threshold signal occurring at the inverting input 

the deviating peak values caused by a higher transmis- of difference circuit 23 likewise has the shape of curve 

sion speed or a pre-distortion of the telegraphy signal. b of FIG. 2 so that the difference signal at the output of 

If a telegraphy signal is transmitted at a 50% higher difference circuit 23 likewise changes its sign at the 

speed than the nominal transmission speed and if this instants when curve a intersects curve 6. The decision 

signal has, for example, the shape represented bv curve 50 signal generated by comparator 19 in FIG. 5 thus com- 

€ in FIG. 4, a telegraphy signal of the shape represented pletely corresponds to that of comparator 19 in FIG. 1 

by curve / in FIG. 4 will occur at the output of input and has the shape of curve c in FIG. 2. 

circuit 2 as a result of this higher speed and a decision FIG. 6 shows a further modification of the correction 

signal ofthe shape represented by curve gin FIG. 4 will circuit 9 of FIG. 1, corresponding elements in both 

occur at the output of comparator 19. Likewise, in case 55 Figures again having the same reference numerals. The 

of a pre-distorted telegraphy signal having a shape correction circuit in FIG. 6 is different from that in 

represented by curve h in FIG. 4 the telegraphy signal FIG. 1 because the threshold signal in the second 

at the output of input circuit 2 will have the shape, branch 16 is now constituted by the algebraic average 

represented by curve i in FIG. 4 as a result of the pre- of the positive and negative peak values of the telegra- 

distortion and the decision signal at the output of com- 60 phy signal. 

parator 19 will have the shape represented by curve j in To this end the peak detector 18 in FIG. 6 has two 

FIG. 4. As has been shown in FIG. 4, the deviating peak parallel branches between its input and a point of zero 

values cause considerable variations in the time delays potential, each branch being constituted by the series 

of the zero crossings in telegraphy signals /and i rela- arrangement of a diode 21,22 and a capacitor 27, 28. 
tive to the transitions in decision signals g and j. How- 65 The diodes 21, 22 are arranged in such a way that one 

ever, also these fluctuations of the desired transition branch 21,27 constitutes a peak detector for positive 

instants can be considered as disturbing AC compo- values of the telegraphy signal and the other branch 

nents related to the zero crossings in telegraphy signals 22,28 constitutes a peak detector for negative values. 
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The junctions of diodes 21^2 and capacitors 27,28 are tion circuit and not from the input signal as in FIG. 6. 

interconnected via two equal and large resistors 29;30 The telegraphy at input and output of the correction 

and the junction of these resistors is connected to the circuit are only different in that the disturbing DC 

point of zero potential via a large resistor 31. The val- components are no longer present in the telegraphy 

ues of the capacitors 27,28 and the resistors 29,30,31 5 signal at the output By starting from this telegraphy 

arc chosen to be such that the time constant of the signal at the output for the recovery of the DC compo- 

discharge of these capacitors 27,28 is much larger than nents inherent in the telegraphy signal, a greater dy- 

the duration of an element in the telegraphy signal. The namic range than that in FIG. 6 is obtained in the cor- 

desired threshold signal occurs at the junction of resis- rcction circuit of FIG. 8. Furthermore branch 16 in 

tors 29,30,31 to which the inverting input of compara- 10 piG. 8 is arranged in such a manner that the galvanic 

tor 19 is connected. continuity of the correction circuit is maintained so 

The operation of the second branch 16 in FIG. 6 will ^j^^^ correct level of the telegraphy signal at the 

now be described with reference to the time diagrams output is also ensured for an arbitrarily long static state 

in FIG. 7 in which the telegraphy signal at the output of telegraph signal at the input, 

separation amplifier 23 is represented by curve a. The 15 branch 16 in FIG. 8 includes a summing 

disturbing DC components are represented in FIG. 7 by ^.^j^ 3^ ^ first input of which is coupled with the 

the shift s of the ideal zero line of curve a relaUve to ^ ^^^^^ ^ double-ended threshold circuit 

the real zero line; furthermore it has agam been as- 33*^ ^ssing only the values of the telegraphy signal that 

sumcd that the peak values of curves are p^^^ are larger than the threshold levels. Furthermore the 

nommal distance V, from tiie id^l zero Ime b 20 output of branch 16 is coupled with the two inputs of 

For positive values of telegraphy signal a diode 22 t^is via amplifier 23 with the non- 

does not conduct and capacitor 27 is then charged v^ ^ 23 ^^^^^^ 

does not conduct and capacitor 28 is thin charged via 35 ^^."^P^^'^^.^ViP""^^/^^^ '^l 
diode 22 to substantially the negative peak value -(Vp nimg circuit 32. TTie output of summing c rcuit 32 is 
-s). Since the discharge of capacitors 27,28 has a large connected to a bistable tngger 34 whose output is cou- 
time constant, a threshold signal will occur at the junc pl^d.with die output of branch 16 via resistor 20. The 
tion of the equal resistors 29,30 which signal is always double-ended threshold circuit 33 and summmg circuit 
substantially equal to the algebraic average of the posi- 3^ 32 are arranged in such a manner that for values of the 
tive and negative peak values, in formula: telegraphy signal which are larger than the threshold 

levels the influence of the telegraphy signal on the 
( (Vp + 3) - (Vp - 8) 1 / 2 = J output signal of summing circuit 32 prevails over the 

influence of the decision signal at the output of com- 
This threshold signal is thus equal to the shift of the parator 19, 

ideal zero line b of curve a relative to the real zero line. j^e double-ended threshold circuit 33 in FIG. 8 has 
The decision signal generated by comparator 19 is diodes 35,36 whose unequal electrodes are inter- 

represented by curve c in FIG. 7 in which the transi- connected while one junction is connected to the input 
tions occur at the instants when curve a intersects its of branch 16 and the other junction is connected to the 
ideal zero line t. The disturbing DC components of first input of summing circuit 32. The knee voltages of 
telegraphy signal a thus have no influence on the levels ^« ^^^^^ 35^ 3^ a)nstitute the threshold levels of thresh- 
nor on the transition instants of this decision signal c. old circuit 33 which thus constitutes a very low imped- 
The DC components inherent m telegraphy signal j are telegraphy signal values which are larger than 

then obtained at the output of the second branch 16m ^^^^ ^ ^ impedance for teleg- 

FIG. 6 in the same manner as m FIG. 1 by means of the , ^^^^ ^^j^^ ^ 

low-pass filter constituted by. resistor 20 and capacitor 45 JJ^^^j^^ ^^^^^^^^ j^^^j^ ^j^^^^ ^^^^ 

, ... . . *• • « xnr^Q 1 ^^a than the lowest possible instantaneous peak values of 

Likewise as m the correction circuits of RGS. 1 ^ signal and are. for example. + 0.3 V, 

5, the deviauons occurnng m practice r^elat ive o t^^ _ ^ 1^^^^^ ^ hereinbefore, is the nominal 

~^?r1^^^^^^^^^ ^0 peak value. I.iesumnringcircvj32 in FIG.8.^ 

5ndinthecorrectioncircuitofFIG-6.However,also tut^d by an operauonal amplifier 37 whose mvening 

in this case this jitter may be considered as disturbing and non-mverting inputs are connected directly and^via 

AC components which are related to the zero crossings a resistor 38, respectively, to a point of zero potential 

of the telegraphy signal and are completely suppressed while the first and secx>nd inputs of summing circuit.32 

by the low.pis fUter 20,17 in the manner already ex- 55 are connected directly and via a resistor 39, respec- 

tensivcly described. Consequently also in the embodi- tively. to the non-inverting input of amplifier 37. The 

ment of FIG. 6 the jitter of the transition instants in the values of the resistors 38,39 are chosen so that the 

decision signal substantially docs not have any influ- fraction of the decision signal of comparator 19 occur- 

ence on the correct operation of the correction circuit ring at the input of amplifier 37 is always smaller than 

and this correction circuit neither introduces any ap- 60 the threshold levels of threshold circuit 33. The bista- 

preciable extra distortion into the regenerated telegra- ble trigger 34 is arranged in such a manner that its 

phy signal. output signal is positive for a positive output signal of 

FIG. 8 shows a modification of the correction circuit summing circuit 32 and conversely, and that its output 

of FIG; 6, corresponding elements in both Figures hav- levels are equal to the nominal peak values H-Vp and 

ing the same reference numerals. . 65 -Vp of the telegraphy signal. 

In the second branch 16 of the correction circuit of . The operation of the second branch 16 in FIG- 8 will 

FIG. 8 the DC components inherent in the telegraphy now be described with reference to the time diagrams 

signal are derived from the output signal of the correc- in FIG. 9 in which the telegraphy signal at the input of 
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branch 16 b represented by curve a. Likewise as in Also in FIG. 8 the disturbing DC components of 

no 7, FIG. 9 shows the disturbing DC components by telegraphy signal a do not exert any influence on the 

means of the shift s of the ideal zero line b of curve a levels or on the transition instants of Ae ult«niate deci- 

relative to its real zero line and it has been assumed sion signal g. As already extensively described the DC 

again that the peak values of curve a arc located at the S componente inherent in telegraphy signal a are then 

nominal distance V^from the ideal zero line b. Further- obtained by means of low-pass ^^^J^^^?^^.^^ 

more the threshold levels of threshold circuit 33 are combined wiUi the AC componente of telegraphy signal 

denoted bv +V -I- -V " obtained by means of high-pass filter 1 7,2W. 

The shaje of the input signal of amplifier 37 is de- Consequently a telegraphy s^nal occurs at «he output 

rived by ffrstly assuming tha't comparator 19 continu- 10 of the correction circuU «, FIG. » ^^^^^^J^Pf 

ously supplies a signal hiving a value of zero, by subse- rately corresponds to the shape of '^^^fP^'f^trn 

quently^umingfhatonly branch 15 passes telegraphy but whose real zero Ime ^."^ l**^ 

signal a and a si^al of the value of zero occurs continu- '"e of telegraphy s.gn^ a; the assumption m^^^ in 

ously at the inpLt of threshold circuit 33 and by finally the above-menUoned explanation is thus J'^t-fieJ 

accounUngfor'^themutualinfluenceoftherealtelegra- 15 , ^? J'"«^ °f ^^''^L'Slr. t^^^^^^ 

, . ,^ V .... 1 f ^« decision sienal j? caused by the deviations occurring in 

phy signal a and the real decision signal of comparator ^^^^ ^^^^J^ ^ y^^, ^^^^^^ ^ 

, ^ .,ri_L * A u tclceraDhY sienal are suppressed in the correction cir- 

In the first case a signal of the shape represented by '^f^^^^^ ^3„„er as in the correction 

curve c in HG. 9 occurs at the inpu of ainphfier 37 2^ 

because threshold circuit 33 passes telegraphy signal c .^^^^^^^^ ^^^^^^ 

in a substanually unchanged fonn for values which are ^^^^^^ ^^^^^ occurrence of long static states 

larger than V, (in fact one of the diodes 35, 36 then telegraphy signal does not have any influence on 

conducts and its impedance is negligible relative to the operation of the correction circuit because 

resistors 38, 39), but threshold circuit 33 practically galvanic continuity is then ensured by threshold 

does not pass telegraphy signal a for values which are ^^^^^ 33 summing circuit 32 (the values of tcleg- 

smaller than V, (in fact, both diodes 35,36 do not con- . . ^ ^^^^^ j^^^^ V, so that 

duct and the resistors 38,39 are negligible relative to exclusively telegraphy signal a determines the polarity 

their impedances). , ^ ^ ^ of the ultimate decision signal g). 

In the second case a binary signal of the shape repre- correction circuit according to FIG. 8 thus has 
sented by curve d in FIG. 9 occurs at the input of ampli- mentioned advantageous properties of the correc- 
fier 37 in which signal the transitions take place at the circuits according to FIGS. 1,5 and 8. In addition 
instants when curve a intersects its ideal zero line b. In correction circuit of FIG. 8 has a larger dynamic 
fact, when applying telegraphy signal a to amplifier 23, because the DC components inherent in the 
a binary decision signal will occur at the output of telegraphy signal are recovered from the telegraphy 
comparator 19 in which signal the transition instants signal at the output of the correction circuit. Although 
coincide with the points of intersection of curve a and branch 16 in FIG. 8 is formed for this purpose in such 
its ideal zero line b irrespective of the shift s of the ideal ^ manner that a positive DC feedback is present, which 
zero line b relative to the real zero line, as has been -^^^^^ under certain circumstances and particularly 
described extensively with reference to FIG. 7. The in case of higher than nominal transmission speeds or in 
same decision signal then occurs also when applying ^ase of pre-distortion might cause an unstable DC 
the telegraphy signal at the output of the correction the DC level at the output of the correction cir- 
circuit in FIG. 8 which is assumed to differ only from ^uit is FIG. 8 is always stable owing to the fact that 
telegraphy signal a in that the shift s is completely elim- branch 16 also has a negative DC feedback via peak 
inated. In view of the choice of the resistors 38,39 the 45 detector 18. On grounds of the foregoing the embodi- 
two diodes 35,36 can never conduct in this case so that ^ent of the correction circuit shown in FIG. 8 is pre- 
the fraction of the decision signal occurring at the input f erred for a practical realization, 
of amplifier 37 has the shape of curve d in FIG. 9. Many modifications of the described embodiments 
When applying the real telegraphy signal a to thresh- are possible within the scope of the present invention, 
old circuit 33 and the real decision signal to summing 50 For example, in FIG, 8 amplifier 37 may be formed in 
circuit 32 a signal of the shape represented by curve e such a manner that its input signal is not only amplified 
in FIG. 9 occurs at the input of amplifier 37. For values but also limited. If the output levels of this amplifier 37 
of telegraphy signal a which are larger than V( curve e are then rendered equal to the nominal peak values of 
substantially corresponds to curves c and fl (in fact, one the telegraphy signal at the input of the correction 
of the diodes 35,36 then conducts and the decision 55 circuit, bistable trigger 34 in FIG. 8 may be omitted 
signal then has no influence on the input signal of am- because its function is taken over by this amplifier 37, 
plifier 37). For values of telegraphy signal a which are Furthermore the series arrangement of two oppositely 
less than V, curve e substantially corresponds to curve polarized Zener diodes may be used in peak detector 
d (in fact, the telegraphy signal and the decision signal 18 of HG. 1 and HG. 5 instead of the shown parallel 
can neither separately nor jointly cause one of the two 60 arrangement of diodes 21,22 so that the desired con- 
diodes 35,36 to conduct and the telegraphy signal then stant signal value is constituted by the Zener voltage of 
has no influence on the input signal of amplifier 37). a diode and not by its knee voltage. Alternatively, the 
The polarity of the output signal of summing circuit 32 input of branch 16 in HGS. 1 and 6 and the output of 
varieVin accordance with curve / in FIG. 9 and the branch 16 in FIG. 8 may be connected directly to the 
binary output signal of bistable trigger 34 then has the 63 non-inverting input of comparator 19 instead of via 
shape of curve ^ m nG. 9 in which the transitions take amplifier 23 so that this amplifier 23 only operates as a 
place at the instants when telegraphy signal a intersects separation amplifier for peak detector 18. In that case 
its ideal zero line b telegraphy signal to be applied to the pulse regener- 
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ator may alternatively be derived from the output of nected to a point of reference potential, and an output 
amplifier 23 in FIG. 8 which amplifier 23 may then also connected to the resistor in the second branch, 
be used for a possibly dedred impedance and level 4. A receiver as claimed in claim 1, wherein the sec- 
adaptation of the correction circuit to the pulse regcn- ond branch of the correction circuit includes a sum- 
erator. 5 ming circuit having a first input coupled to the input of 
What is claimed is: the second branch via a double-ended threshold circuit 

1. A receiver in a transmission system for binary passing the binary pulse signals only for values which 
pulse signals, including an input circuit having a low are larger than predetermined threshold levels, a sec- 
output impedance from which the base band binary ond input, and an output coupled to the output of the 
pulse signals are derived, a circuit connected to the 10 second branch via said resistor, said peak detector 
input circuit for automatic correction of disturbances being coupled to the output of the second branch and 
in the DC level of the binary pulse signals caused dur- said comparator being constituted by an operational 
mg transmission, and a pulse regenerator having a high amplifier having a non-inverting input for the binary 
input impedance to which the correction circuit and a pulse signals at the output of the second branch, an 
reference source are connected for regenerating the 15 inverting input for the threshold signal originating from 
binary pulse signals, said correction circuit comprising the peak detector, and an output connected to the 
two parallel branches whose inputs are connected to second input of the jsumming circuit. 

the input circuit and whose outputs are connected to 5- A receiver as claimed in claim 4 wherein the peak 

the pulse regenerator, the first branch including a series detector includes two diodes whose unequal electrodes 

capacitor and the second branch including a peak de- 20 are interconnected, on junction constituting the input 

tector for deriving a threshold signal from the peak of the peak detector and the other junction being cou- 

values of the binary pulse signals and a comparator for pled to a point of reference potential via a capacitor 

generating a binary decision signal in response to both shunted by a resistor having such a value that the dis- 

the threshold signal and the binary pulse signals, said charge lime constant of the capacitor is much larger 

comparator being coupled via a resistor to the output 25 than the duration of an element in the binary pulse 

of the second branch, the time constant constituted by signals, said other junction constituting the output of 

the resistor in the second branch and by the series the peak detector from which the threshold signal is 

capacitor in the first branch being much larger than the derived. 

duration of an element in the binary pulse signals to 6. A receiver as claimed in claim 4, wherein the peak 

suppress in said binary decision signal a.c. components 30 detector includes two parallel branches between the 

related to transitions in the binary pulse signals so that input and a point of reference potential, which 

the second branch passes d.c. components of the binary branches are each constituted by a series connection of 

pulse signals. a diode and a capacitor, one pair of unequal electrodes 

2. A receiver as claimed in claim 1, wherein the peak of the diodes in the two branches being connected to 
detector is coupled to the input ofthe second branch of 35 the input of the peak detector and the other pair of 
the correction circuit and the comparator is constituted unequal electrodes being interconnected via a series 
by an operational amplifier having a non-inverting arrangement of two equal resistors whose junction is 
input for the binary pulse signals at the input of the connected to the point of reference potential via a 
second branch, an inverting input for the threshold resistor, said resistors having such a value that the dis- 
signal originating from the peak detector, and an out- 40 charge time constant of the capacitors is much larger 
put connected to the resistor in the second branch. than the duration of an element in the binary pulse 

3. A receiver as claimed in claim 1, wherein the sec- signals, the junction of the resistors constituting the 
ond branch of the correction circuit includes a differ- output of the peak detector from which the threshold 
ence circuit having a non-inverting input for the binary signal is applied to the inverting input of the compara- 
pulse signals at the input of the second branch, an 45 tor. 

inverting input, and an output coupled to the inverting 7. A receiver as claimed in claim 4, wherein the 

input via the peak detector and an amplifier for the threshold circuit includes two diodes whose unequal 

threshold signal originating from the peak detector, electrodes are interconnected, one junction constitut- 

said comparator being constituted by an operational ing the input and the other junction constituting the 

amplifier having a non-inverting input connected to the 50 output of the threshold circuit, 

output of the difference circuit, an inverting input con- * ♦ ♦ ♦ * 
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[57] ABSTRACT 

A technique for eliminating unwanted do offset volt- 



ages in a receiver for decoding a plurality of multilevej^ 
digitally modulated signals. The data transmission sys- ] 
f tm^ is^ arrahged to send "a~ particular preamble signs^/ 
I each time a different data source begins transmission of ^ 
its data. The preamble signal produces at the receiver ^ 
output multiple pycjes oi niaximum level excursions. 
i During the -Period of time that the preamble signal isl 
received, a signal processor in the receiver determines *? 
an initial dc offset value by averaging tne level ot tne^ 
/ received digitallyjaodiU Alter tne transnus-7 

Ision of^the^i^^W^j^^^ ? 
generates updated dc bffsS^ ypltag^^hiefi^apre^^^^ to ' 
-the sum of the previously geherated'^c offset voltage 
and.the difference^betweferi the amplitude level repre-/' 
sented by the received digitally modulated signal and 
(the amplitude level of the closest "coding" amplitude 
level; the difference being multiplied by a scaling factor. 
Once a scaling factor is applied to the updated dc offset 
value, the result is addedto the previous dc offset volt- 
age. An4 the procc^iscontinually repeated to produce' 
updated dc offset voltagesr 

7 Gaims, 4 Drawing Sheets 
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METHOD A>a) APPARATUS FOR DC 
RESTORATION IN DIGITAL RECEIVERS 

BACKGROUND OF THE I>rV1ENnON 5 

1. Field of the Invention 

The present invention relates generally to the trans- 
mission of digital signals, and more particularly to an 
improved technique for eliminating the effect of DC jq 
offset voltages in digital receivers particularly in non- 
wireline systems. 

2. Description of the Prior Art 

In digital communications, digitally modulated sig- 
nals are demodulated usually by sampling the baseband 15 
signal at the baud interval and by comparing the sam- 
pled level with predetermined coded amplitude levels. 
In all such systems it is necessary to first eliminate any 
do offset component in the baseband signal to be de- 
tected. Otherwise the zero level of the signal will be 20 
elevated (either -f-or -) and the detector will detect 
false, levels because of the added dc voltage to the base- 
band signal. This translates into errors in the recovered 
data. By blocking the dc offset component, or restoring 
the true zero level to the baseband signal, the dffercntial 25 
between the detector reference level and the zero signal 
level is eliminated. 

In nonwire line systemis, i.e. wireless transmission, 
restoring the true reference level is particularly impor- 
tant. And in an environment of multipoint digital com- 
munications, a digital receiver has to repeatedly switch 
between different transmitters to receive different sig- 
nals from a number of various signal paths. With each 
different, digital signal, a new dc offset level has to be 
established or the dc offset has to be blocked in each 
signal received. A digital transmitter can easily intro- 
duce an undesired frequency shift which translates as an 
added dc component in the demodulator in a frequency 
modulated system. It is very important to reset the dc ^ 
reference level with each new transmitter as quickly as 
possible. 

The traditional way that this problem is handled is 
through the use of series blocking capacitors in the 
receiver to block the dc component in the received data 
signal (provided the data itself is randomized and does 
not have any dc component). It is a cheap and fairly 
effective technique particularly for low speed data 
rates. To be effective the capacitor has to be fairly large, 
so that the cutoff frequency is low. Unfortunately the jq 
larger the value of capacitance, the longer it takes to 
charge and discharge the device, which must be done 
every time a new signal enters a receiver or is powered 
up initially. Blocking capacitors typically take from 10 
to 100 ms to charge, and in this amount of time signifi- 55 
cant amounts of data can be lost particularly for high 
speed data rates. Another problem encountered with 
simple blocking capacitors is caused by the apparent .de 
shift in the average data level which the data itself ex- 
hibits when particular strings of data occur, e.g. a long 60 
string of Vs. In multilevel data systems the data streams 
typically exhibit an apparent short-term dc coniponent 
that shifts- with the content of the data; When this, oc- 
curs the blocking capacitor will shift the reference dc 
level which causes. errors in the data receiver/decoder. 65 

This invention is directed to an improved technique 
for eliminating the deleterious effect of dc offset volt- 
ages in digital receivers/decoders. 



OBJECTS AND SUMMARY OF THE 
INVENTION 

A general object of the invention is the provision of a 
device that will rapidly remove dc offset voltage in data 
streams to prevent false detection and decoding of the 
data. 

Another object is of the invention is the provision of 
a data decoder having a dc restorer that will permit 
efficient operation in a point-to-multipoint communica- 
tion system environment. 

Still another object of the invention is the provision 
of a digital decoder that will track the slow dc varia- 
tions that occur during long term transmissions. 

Still another object of the invention is the provision 
of such an improvement to a digital decoder that will 
not falsely shift the dc level in multilevel data streams. 

In accordance with the teachings of the present in- 
vention, these and other objects are achieved through 
provision of a digital decoder/ signal processor that 
decodes the received digitally modulated data from one 
of a plurality of remote sites and that also periodically 
generates a dc correction voltage V^^which is fedback 
and subtracted in a summer circuit from the received 
digitally modulated signal. The generation of values for 
the dc correction voltage occurs in a two-step process. 
In the first step, the decoder generates an initial Vp^ 
based upon an average voltage ieVfll Ot SH integral cycfe 
during an initial preamble period . Each remote site send 
a snon preamble signal mimediately prior to the trans- : 
mission of its normal data. This preamble signal pro- % 
duces multiple cycles in the receiver sucii that the aver - 
a ge ac component ot tll6 baseDana signal is zero. I he 
average voltage that exists at this time has to equal the . 
ini tial dc offset v oltage, Vo/f- M the second step, the 
decoder generates updated dc. offset voltages (Ve) 
which are equal to the difference between the amplitude 
level represented by the sampled received signal and 
the amplitude level of the closest "coding" amplitude 
level. Once a scaling factor is applied to the updated dc 
offset value, the result is added to the previous dc offset 
voltage. And^ ■ the process is continually repeated to 
produce updated dc offset voltage s. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention as well as 
other objects and further features thereof, reference is 
made to the following description which is to be read in 
conjunction with the accompanying drawings wherein: 

FIG. 1 is an illustration depicting a digital network 
configured in a multipoint transmission system wherein 
the present invention has particular utility. 

FIG. 2 is a block diagram of a digital receiver em- 
bodying this invention. 

FIG. 3 is an illustration depicting the coding levels 
and threshold levels for a 5-level digital data signal: 

FIG. 4 is a flow diagram of a simple algorithm having 
application in the signal processor depicted in FIG. 2. 

DESCRIPTION OF PREFERRED EMBODIMENT 

For a better understanding of the subject invention, 
reference is made to the following description and ap- 
pended claims in conjunction with the above-described 
drawings. Referring now to the drawings* FIG. 1 shows 
in block form a data communications network in which 
the present invention has application and includes a host 
computer system 14 and an associated microwave radio 
T/R (transmitter-receiver) pair 15. Typically the host 
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computer system 14 and associated radio T/R pair 15 the output of the receiver 10 on path 21. As will be 
are co-located at a central location relative to a plurality explained, this voltage is fedback to the summer 30 to 

of remote sites A-N. The host system 14 communicates eliminate the offset from the analog input on path 21. 

with a plurality of other data terminal/computers 14A D/A converter 60 converts the digital Vo/rsignal to a dc 

through 14N via the microwave communication system 5 analog voltage whose amplitude corresponds to the 

7. Each remote operates on a transmit carrier frequency digital value encoded therein. The output on path 61 is 

(e.g., 928 MHz with a modulation bandwidth of 25 fedback to the input of summer 30 which subtracts 

kHz), whik the host transmits at some other carrier Wojf from the received baseband signal applied to the 

frequency, e.g. 952 MHz. Each transmitter typically has " + " input of summer circuit 30. The net effect of the 

a frequency tolerance of a few kHz (e.g. 0.0003% accu- 10 subtraction process is to remove or cancel the dc com- 

racy); therefore, although the carrier frequency of each ponent from the baseband signal thereby restoring the 

remote is intended to be the same, there is normally a true reference level. The key to proper functioning of 

slight frequency difference between each remote trans- this dc removal is in how the offset voltage is derived 

mitter. Each remote computer communicates with the from the encoded data signal. 

host computer through its associated microwave radios 15 Functionally signal processor 50 derives the proper 
15A-15N. Functionally, the host system 14 communi- offset voltage using a two-step process, which is a fea- 
cates with any one of the other remote computers ture of this invention. The first step requires the trans- 
14A-14N by poling the particular site with which the mission of a short preamble signal which generates in 
host wishes to communicate. As soon as one reraote-to- the receiver a repetitive ac baseband signal which has 
central transmission is finished, the host system 14 com- 20 no ac component and which has peak-to-peak voltage 
mands T/R 15 to send a new transmit command to one swings during each cycle. The processor 51 takes the 
of the other remote receivers, and upon receiving the average dc level of at least one or more complete cycles 
command from the host system 14, the poled remote site during this preamble time period. In the preferred em- 
computer commands the associated transmitter to begin bodiment several cycles are sent from the remote and 
transmitting data to receiver 15 at the central location. 25 the first one such cycle is ignored to allow the radio and 
In asmuchas the central site radio receiver 15 must related circuitry to acquire the RF signal and to reach a 
receive a new modulated carrier, which may have a steady-state condition. At thai time a complete cycle 
slightly different carrier frequency, the receiver re- (consisting of an 8-bit interval) is averaged to determine 
quires a short time period to re-acquire synchronization the dc component therein. In other words the remote 
with a new remote transmitter. It is desireable to keep 30 transmitter must apply whatever data signal is required 
this so-called dead time as short as possible. At high to cause the recovered baseband to go through at least 
data rates (e.g. 19.2 b/s) a 10-100 ms delay, which is one complete ac cycle having preferably maximum 
typical of blocking capacitors, represents a significant -f-and —excursions. Since the average ac component of 
delay and potential loss of data. An improved solution such a transmitted baseband signal is zero, the average 
of this problem is shown in FIG. 2. 35 voltage which remains must equal the initial dc offset. 

Referring to FIG. 2., the central site T/R 15 is shown Therefore, each time a new transmission takes place 
in more detail. The RF/IF portion of the central com- from any one of the remotes to the central location, a 
munication system is included in T/R 10. The receive preamble code is impressed on the carrier to permit 
portion of the demodulated signal appears on path 11 processor 50 to digitally average one complete cycle to 
and the transmit portion appears on path 12 of T/R 10, 40 set up an initial dc offset voltage. (For a 19.2 kb/s data 
The remainder of the elements generally shown in FIG. rate, one complete cycle takes approximately 416 us.) 
2 performs the function of clock recovery, data decod- This initial value of V^j^^is fedback through D/A con- 
ing and dc restoration. Lowpass filter 20 blocks any verter 60 to the **— " input to summer 30 to act as the 
extraneous and unwanted signals generated in the radio initial offset voltage, i.e. the initial dc correction volt- 
10. The filter output signal on path 21 represents the 45 age. 

baseband encoded data set to a normalized ac voltage jhe second step in the process is to determine a new 

with an undesired amount of dc offset voltage Vo/r im- offset voltage value to "update" the initial and thereaf- 

prcssed thereon. This analog signal passes through an ter subsequent offset voltage values. The second step 

analog summer circuit 30 before being digitized by A/D occurs throughout the transmission of data to the cen- 

converter 40. The output digital signal on path 41 is an 50 tral location and is applicable to any multilevel coded 

8-bit binary signal having encoded therein the instanta- data. As will be illustrated in more detail in FIG. 3, 

neous amplitude of the analog signal on path 31 sampled signal processor 50 calculates at each sampling instant 

at the time intervals controlled by the clock signal on (i.e. at the clock interval) the voltage differential be- 

paths 101. Each 8-bit byte is clocked into signal proces- tween a "measured signal voltage" and the closest cod- 

sor 50 where the data is decoded and processed. The 55 ing voltage level that the signal "should be at". This 

host computer 14 shown in FIG. 1, connects to data bus measured differential (error) voltage is scaled by a 

51 through an RS 232 interface to receive the data fixed number a and is then added to the previous dc 

stream as decoded by the signal processor 50. A CLK offset V,. In more precise terms the correction voltage 
recovery circuit 100, which is not considered a part of which is fedback to the summer circuit 30 is; 

this invention, usually receives a demodulated output 60 

from T/R 10 or elsewhere in the baseband section, and yojp^-^^ ^^n/r^ +(i/a)Ve 

generates timing clock signals which are distributed to 

A/D converter 40, signal processor 50, and D/A con- where: 

verter 60. There are a multitude of commercially avail- Vcjf "=ihG offset voltage at time nT; 

able clock recovery circuite which are suitable for this 65 Ve ««the error voltage at time nT as measured be- 

purpose. tween the actual signal voltage and the closest 

The digital output signal of signal processor SO on normalized coding level; 

path 55 represents the dc offset voltage Vo/^prcscnt at Ko/;r«+*=the offset voltage for the (n+ 1)T time; 
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a=a fixed number, such as 128; and 
T=the sampling intervaJ. 

The measurement of the offset voltages over a period 
of time is best understood with reference to FIG. 3, 
which depicts the five coding levels for a five-level 
coding system. (A five-level code was arbitarily chosen 
for purposes of illustrating the processor operation; 
however, it is a feature of this invention that any num* 
ber of levels could easily be accomodated by structur- 
ing the internal measurement levels accordingly.) In a 
five-level binary code there are five discrete possible 
amplitude levels. e,g. +2, H-1, 0, -1, -2, or using a 
normalized voltage scale (of _ + l) 4-1, +0.5, 0, —0.5, 
and — I which arc identical to the possible coding levels 
shown in FIG. 3, In such a coding system any received 
signal between .+0.75 and +0.25 must be a +0,5 level, 
and any received signal above +1 must be a +0.75 
level. Therefore the "threshold levels" arc set half-way 
between each possible code level to adjust for any type 
of unwanted added noise component. For example if 



to 



15 



20 



While the invention has been described .with refer- 
ence to its preferred embodiments, it will be understood 
by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements 
thereof without departing from the true spirit and scope 
of the invention. In addition, many modifications may 
be made to adapt a particuhur situation or material to the 
teaching of the invention without departing from its 
essential teachings. For example, instead of using an 
analog summer circuit 30 it would be possible to per- 
form its cancellation function after the A/D converter 
40. This would eliminate the need for a D/A converter 
60 since processor 50 outputs an offset voltage in digital 
form. In addition it would be possible to perform the 
cancellation function within the processor prior to tak- 
ing the voltage differential "readings" used to calculate 
the updated dc offset voltage. There would be obvious 
advantages to such an arrangement. 

What is claimed is: 

1. In a digital communication system between a local 
receiver and between a plurality of remote data sources, 
each source selectively generating a digitially modu- 
lated signal having X predetermined amplitude levels, 
said remote sources providing a short preamble signal 



30 



35 



processor 50 received a digital signal representing a 
voltage of +0.63, as indicated in FIG. 3 by the [*]. the 
processor would interpret this as a +0.5 code level with 

anerrorvoltageV^of +0.13. This +0.1 3 offset or error „ ?aia remoie source, pruviuxng a miuiv pxp.uxe m^uoj 
1 ' . J * ♦i.cc»«*;i *^oi^H immediately prior to the transmission of one of said 

voltage IS not outputted onto path 55 until lUs scaled by J.Z\.t.^ .ian^k nre^rrhle si^rnal char- 

the scaling factor a and added to the offset voltage 
calculated from the previous clock interval. Processor 
50 performs this calculation digitally for each digital 
word clocked into its input. The actual "calculation" or 
measurement is performed using the process inherent in 
the flow diagram shown in FIG. 4. 

Referring to the diagram in FIG. 4, the signal voltage 
Vron path 41 is clocked into the processor and is tested 
until the proper coding 1 vel D is determined. By suc- 
cessively adding threshold values to Vr, the process 
determines the proper coding level as shown. Having 
determined a value for processor 50 subtracts the 
coding level (D in FIG. 4) from to determine the 
error voltage Vg. Processor 50 multiplies V^by a scaling 40 
factor a to reduce the effect of each instantaneous error 
voltage value on the offset voltage applied to the uncor- 
rected normalized ac signal on path 21. Scaling factor a 
is selected for each particular data system based upon 
the characteristics of the system and the working envi- 
ronment In the preferred embodiment of this invention 
a is usually selected to be 128. The more frequency 
stable the remote microwave transmitters, the larger a 
can be made. But, too large a number over-emphasizes 
the initial offset voltage and. makes the correction sys- 
tem slow to respond. 

When a transmitting remote site stops transmission, 
the central computer 14 sends a command to a new 
remote site, and the remote-to-central carrier stops mo-, 
raentarily until the carrier from the new remote appears 
at the central antenna 13. Processor 50 is disabled as 
soon as it notes the loss of a baseband signal. Because 
the transit time from one carrier to another may be 
exceedingly short, a carrier detect signal is applied from 
T/R 10 to inform processor 50 to except a preamble 60 
signal for the predetermined time interval and to recom- 
pute an initial Vq//. 

In the preferred embodiment of the invention a Texas 
Instruments TMS 32010 Digital Signal Processor was 
used for processor 50; however, many other signal pro- 63 
cessors/microprocessors would perform equally well. 
It is also possible to implement the correction vohage 
algorithm with discrete hardware. 
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digitally modulated signals, said preamble signal char- 
acterized by a coding that produces multiple cycles of 
equal amplitude level excursions in said receiver, appa- 
ratus at said receiver for removing any dc offset volt- 
age, Vojf, from said digitally modulated signal, said 
apparatus comprising: 
analog summing means having first and second in- 
puts, said summing means for receiving one of said 
digitally modulated signals at said first input; 
A/D converting means having a sampling interval T 
for periodically converting said digitally modu- 
lated signals from said summing means into a digi- 
tally formatted signal; 
digital processing means for receiving said digitally 
formatted signal and for generating a dc offset 
voltage at time intervals nT, where n is an integer, 
said dc offset voltage being equal to. 

Vo^+l = V"(l/a)VcD,. 

where; 

V''=the offset voltage at time nT; 
Vfn=the offset voltage at time nT as measured by 
the voltage difference between said digitally for- 
matted signal and the closest normalized coding 
level; and 
a=a predetermined number, 
such that at time n« 1, V, the initial offset voltage, is 
set equal to the average amplitude level during at least 
one of said multiple cycles during said preamble period; 
and 

means for feeding back said dc offset voltage to said 
second input, said summing means subtracting said 
offset voltage from said digital modulated signal. 

2. The apparatus according to claim 1 in which said 
means for feeding back further comprises: 

b/A converting means for periodically converting 
said digital Vq^into an analog signal. 

3. The apparatus according to claim 2 where said X 
levels is 5. 

4. The apparatus according to claim 3 where said 
preamble signal produces maximum amplitude level 
excursions. 
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5. The apparatus according to claim 2 where said X 
levels is 2. 

6. In a digital communication system between a local 
receiver and between a plurality of remote data sources, 
each source selectively generating a digitally modulated 
signal having X predetermined amplitude levels, said 
remote sources providing a short preamble signal imme- 
diately pror to the transmission of one of said digitally 
modulated signals, said preamble signal characterized 
by a coding that produces multiple cycles of equal am- 
plitude level excursions in said receiver, a process for 
removing any dc offset voltage, Voff. in said receiver 
from said digitially modulated signal, said process com- 
prising the steps of: 

periodically converting said digitially modulated 
signals into a digitally formatted signal at a repeti- 
tion interval T; 

digitally processing said digitally formatted signal for 
generating a dc offset voltage at time intervals nT, 
where n is an integer, said dc offset voltage being 
equal to 

Va/?n+l=V''+(l/o)Ve[i. 

where: 

V«=the offset voltage at time nT; 

Ven=the offset voltage at time nT as measured by 
the voltage difference between said digitally for- 
matted signal and the closest normalized coding 
level; and 

a=a predetermined number, 

such that at time n= 1, V, the initial offset voltage, is 
set equal to the average amplitude level during at 
least one of said multiple cycles during said pream- 
ble period; and 

periodically converting said digital Vo^into an ana- 
log Voj^signal; and, 

summing said analog Vp^ignal with said digital mod- 
ulated signal prior to said first converting step so as 
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to subtract out the unwanted dc offset voltage from 
said digital modulated signal. 
7, In a digital communication system between a local 
receiver and between a plurality of remote data sources, 
5 each source selectively generating a digitally modulated 
signal having X predetermined amplitude levels, said 
remote sources providing a short preamble signal imme- 
diately prior to the transmission of one of said digitally 
modulated signals, said preamble signal characterized 
10 by a coding that produces multiple cycles of equal am- 
plitude level excursions in said receiver, a process for 
removing any dc offset voltage, Vof/t in said receiver 
from said digitially modulated signal, said process com- 
prising the steps of: 
15 periodically converting said digitally modulated sig- 
nals into a digitally formatted signal at a repetition 
interval T; 

digitally processing said digitally formatted signal for 
generating a dc offset voltage at time intervals nT, 
20 where n is an integer, said dc offset voltage being 
equal to 

Vp^+l=V"-j-(l/a)V,n, 

25 where: 

V«=the offset voltage at time nT; 
Vjn=the offset voltage at time nT as measured by 
the voltage difference between said digitally for- 
matted signal and the closest normalized coding 
30 level; and 

a=a predetermined number, 

such that at time n= 1, V", the initial offset voltage, is 
set equal to the average amplitude level during at 
least one of said multiple cycles during said pream- 
33 ble period; and 

periodically summing said Voj(/r signal with said digi- 
tally formatted signal prior to said digitally pro- 
cessing step so as to subtract out the unwanted dc 
offset voltage from said digital modulated signal. 
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[57] ABSTRACT 

In a £requeDcy modulated digital radio transmission system, 
frequency differences between transmitter and receiver 
which give rise to DC offsets at the output of the demodu- 
lator arc <x)untcred f6r:any oi^ datojransmisdon byres^^ 
'li&ing a-frc<jucfflcy Jconirplling~^ bClley^ _(»ntro 
(^^al during a preaiiiblc sequence ha^^ 

DC conq)onent,-such as the sequence 10101 used for 

^bck-ordata-synchrohizationV. and ictaimng' thai cpntrolling^^ 
Signal subs^tially unaltered for use dtmng die remain^ of-, 
tl£^ data transmissi6a> 
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FIGS. 1 and 2 show respective control arrangements in 
which a corrccdon factor is spphcd to control the tuning of 
a demodulator of a receiver, and 
FIGS. 3, 4 and 5 show control arrangements in which a 
3 correction factor is ^iicd to counter DC oflfsrts at the 
output of a demodulator of a receiver. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

to Refcxring to the drawings, in the control arrangement 
shown in FIG. 1 the output ci a demodulator 1 is applied by 
way of a conq>arator 2 to an automatic frequency control 
circuit 3, which is arranged to ^ly a frequency controlling 

^ ^ ^ ^ signal by way of a digital to analogue convcrtor 4 to **pull** 

recovered data, particularly when the demodulated data 15 the frequency of a crystal controlled local osdllatw 5 to 
contains an^ilimdc variations which may be introduced as match that of an incoming RF signal applied to a mixer 6, 
the data rate approaches the mjn timum obtainable from the iq the arrangement shown in FIG. 2 a similar control loc^ is 
channel bandwidth. used to control the capacitance of a varactor diode 7 in a 

In a radio system whwe a numi)cr of transmitters and tuned circuit used to produce quadrature reference signals in 
receivers communicate togcfecr on a network using fre- 20 the demodulator 1. 



CONTROL ARRANGEMENTS FOR DIGITAL 
RADIO RECEIVERS 

BACKGROUND OF THE INVENTION 
A problem arises in digital FM radio receivers in diat 
demodulated data may be superimposed od a DC level 
which is dq)endait on frequency differences between oscil- 
lators in the transmitter and receiver. The DC level will also 
be subject to drift with time and tenq>crature. When a 
coixq>arator is used to slice the demodulated data signal, 
which is usually almost sinusoidal for the highest frequency 
data pattern, considerable pulse stretching will occur as the 
sUcing point on the data moves with DC leveL AC coupling 
can be used with DC restoration but is always less than 
perfect and introduces a d^ree of tinung jitter on the 



quency hopping, rapid switches in channel frequency and 
from transmit to receive are required. A conventional AFC 
system would be difficult to use in these drcumstanccs as 
considerable time would be lost waiting for the system to 
recover after cadi frequency step or switch to receive 
function* Any AFC system used witti digital modulation 
cannot respond to the averse DC output level as this varies 
with data content and would produce a variable slicing leveL 
Peak sensing of the data out could be used but this is also 
subject to variation as the channel limits arc ai^oached, as 
mentioned in the previous paragraph. 

SUMMARY OF THE INVENTION 



According to the present invention in a receiver arrange- 
ment for a frequency modulated digital data radio transmis- 



In the arrangements shown in FIG. 3 and in FIGS. 4 and 
5 a similar control loop is arranged to add a DC conqwnent 
to each of the outputs of a differential demodulator 1, by 
means of a level shift circuit 8. to bring these outputs to 
25 similar DC levels without affecting the data components. In 
the arrangement shown in FIG. 3 the values of ttie added DC 
components arc controlled by the output of a digital to 
analogue convcrtor 4, whereas in the arrangement shown in 
FIGS. 4 and 5 a pair of trade and hold circuits 9 are arranged 
^ to develop on respective capaciton 10 (FIG. 5) potentials 
cwresponding to the average levels on respective differential 
ou^ts of a demodulator 1. T he track and hold circuits 9 are 



biased into the track mode by n^eans of a con^oi si^n^ from 
a (lata and clockrecovery circuit 11 ovct a paAi ll until such 
don syston in which each data transmission commences 35 ^ ^ circuit il indicates that a suitable number of 



with a predetermined sequence of digital values, Acre ar e 
provided control naeans comprising means to d enve a cor- 
rection factor fOT bcj oitsets perialnlng at tbe output of a 
demodulatoc oi ifae receiva- arrangement ourlng ^ 

aence and means to retain ^ d corr ectio n 
ing Qie remainder of the 



40 



r espective data transmission. 
The co aiection factor may be ^Ued to con trol the tuning 

applied todrcuit means airanged to counier sjua l/vJ o^g^ - 
S aid circuit means may comprise a level siuk circui t i£e 
means to dmve ibc correction tactor may conqsise a 
protocol controller in the receiver arrangement 

In a system in which all transmitters and receivers are 
crystal controlled short term drift would be negligible and it 
would only be necessary to apply the correction at the 
commencement of communication between a trans m itt er / 
receiver pair, ^en a balanced code of say 101010 dato can 
be transnUff '^ O^^^ te problems witn amplitude and 
average PC level at the demodulate outpu t A control loop 
may teamed to mcorporaie a memory such ftatduring th e 
g eamblc at the bciohkmg oi commumcatton between a^ 
jarfjr ^l^ Wmittafrecefter rifllf fl miatUittL'v conecfaoa 

offset at the demodulator output for theTdur^ion of 
\ transmissionl'i 'bc same trequency cQtrc^STacfOTcout 
\fcE5eTTr3rc direction of communication between the 

transmittcr/rocciYcr pair is reversed. 

BRIEF DESCRIFnON OF THE DRAWINGS 
Control arrangements for frequency modulated digital 65 
data radio receivers will now be described way of example 
with reference to the accompanying drawings, of which: 
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pulse edges with correct timing nave pccn receivco, dcno t- 
mg the recognition of a valid preamble, me control siSal 
on the path llttien swiich^ the circuits 9 to the hM mode 
during wfaidi the potentials on fee capacitors 10 remain 
substantiaUy unaltop^ 

The potentials on the c^>acitors 10 are sailed by way of 
respective buffer anqdificrs 13 (FIG. 5) to differential level 
shift circuits 8 whldi effectively remove any DC offset from 
the signals passed to a data comparator 14. Since these 
potentials are held at a constant level excqit during the 
preamble, the control arrangement is prevented from 
re^nding to the variable DC content of the data block. 
I claim: 

1. A receiver arrangement for a frequency modulated data 
transmission system in which each data transmission com- 
mences with a predetermined sequence of digital data 
values « conqicising: 

a dcmoduhtor having first and second oulputs, and opera- 
tive for generating demodulated signal levels at said 
first and second outputs; 
a comparator for deriving digital data values from the 
demodulated signal levels at said first and second 
outputs of said demodulator, 
means responsive to the demodulated signal levels at said 
first and second outputs during said predetermined 
sequence of the digital data values fac deriving a D.C 
offset value; 

and means subsequently for retaining said D.C. offset 
value as a correction factor for the demodulated signal 
levels at said first and second outputs of said demodu- 
lator during a data transmission. 
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2. The receiver aiTangemeiit in aocordanoe with claim 1, 
wherein said demodulator ccnnprises a quadrature demodu- 
lator having a controUable-foqueQcy tuned circuit; and 
fuithei conqnising means for applying said oairectioD factor 
as a frequency control voltage for said tuned circuit 5 

3. The rcoeiva anangemcat in acooidaoce with claim 1; 
and further conqnising a controllable-frequency local oscQ- 
lator and a mixer means for providing sig^s to said 
demodulator; and further comprising means for applying 
said ccnection factor as a frequency control voltage for said lo 
local oscillates. 

4. The receiver arrangement in accordance with claim 1; 
and further conqirising a data recovery circuit; a controllable 



D.C. level shift drcuit; means foi connecting said D.C. level 
shift circuit between said outputs of said demodulator and 
said data recovery circuit; and means for applying said 
correction factor to control said D.C. level shift circuit 

5. The receiver arrangement in accordance with daim 4, 
wherein said means for deriving the D.C. offset value 
comprises respective track and bold circuits connected to 
said first and second outputs of said demodulator to derive 
respective average D.C. levels from the respective demodu- 
lated signal levels at said first and second outputs during said 
predetermined sequence of the digital data vahies. 
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